1. Background {#s0005}
=============

The introduction of antiretroviral therapy (ART) for the management of HIV has led to significant reductions in morbidity and mortality. In sub-Saharan Africa where nearly 65% of the 34 million HIV-infected individuals reside, there has been a massive rollout of ART over the last decade. ART is administered through national programs and first-line therapy usually comprises a dual backbone of a nucleoside reverse transcriptase inhibitor (NRTI) and a first generation non-nucleoside reverse transcriptase inhibitor (NNRTI), efavirenz or nevirapine [@bb0005]. First-line ART has been reported to be effective and durable in these settings, its durability determined predominantly by the efficacy and tolerability of the regimens chosen [@bb0010], [@bb0015]. The virological efficacy of efavirenz-based ART has until recently been shown to be equivalent or superior to all comparators but for its frequent neuropsychiatric toxicity [@bb0020].

A WHO-led survey in 2008 revealed that most national programs in sub-Saharan Africa favoured nevirapine over efavirenz due to cost differentials and availability of fixed combinations of nevirapine [@bb0025]. However, a recent WHO-led recommendation gives preference to efavirenz over nevirapine due mainly to skin rash and hepatotoxicity from the latter [@bb0030]. Thus, it is expected that use of efavirenz will become more widespread across the continent. However, patients from sub-Saharan Africa frequently harbour single nucleotide polymorphisms predisposing them to higher plasma concentrations of efavirenz with the possibility of developing more frequent neuropsychiatric toxicity and subsequent discontinuation of therapy. We have recently shown in a large Ghanaian cohort that variants in the CYP2B6\*516G \> T and \*983 T \> C were frequent and were marginally associated with increased risk for central nervous system (CNS) toxicity, and importantly influenced the risk for immunological failure [@bb0035]. However, very few studies have assessed the risk of neuropsychiatric toxicity over long-term use in sub-Saharan Africa where the HIV burden is highest and ART use is exponentially increasing. The aim of this study was to determine the frequency and determinants of neuropsychiatric toxicity on NNRTI-based ART among Ghanaians.

2. Methods {#s0010}
==========

Ethical permission for this study was provided by the Committee on Human Research Publications and Ethics of the Kwame Nkrumah University of Science and Technology and the Komfo Anokye Teaching Hospital (KATH), Kumasi, Ghana (ref: CHRPE/AP/073/13). Our institutional review board waived the need for a written informed consent since this was a retrospective, observational study and anonymised data were collected from patients\' records. Since 2004, patients referred to the HIV clinic in KATH, Kumasi have been treated as part of the National AIDS Control Program. Patients were referred from a large area of central and northern Ghana and, after starting ART, were reviewed at weeks 2, 4, 6 and 8, then 2 monthly for the first year and then every 6 months subsequently. HIV viral load was not available routinely and testing for HIV-2 and hepatitis B (HBV) co-infection has been performed only in limited circumstances. The criteria for starting ART in Ghana followed the WHO guidelines [@bb0005], with a change of the CD4 threshold for initiation from 200 to 350 cells/mm^3^ in 2008. First-line ART comprised lamivudine plus either zidovudine or stavudine, plus either nevirapine or efavirenz. The choice between the use of either zidovudine or stavudine was determined by availability but zidovudine was avoided in patients with haemoglobin below 10 g/dL. For NNRTIs, nevirapine tended to be used preferentially in women of child-bearing age. Data on patients\' response to ART including adverse side effects are routinely sought for and documented in case notes at each clinic appointment.

Neuropsychiatric symptoms associated with use of NNRTI\'s were routinely recorded without any standardised assessment of severity. Individual neuropsychiatric symptoms recorded in patients\' records for which the attending clinician attributed to NNRTI were noted. For statistical analysis, the primary outcome was time to occurrence of Neuropsychiatric toxicity on ART. The cumulative incidence of neuropsychiatric toxicity was calculated using the Kaplan--Meier methodology and the median time to occurrence of the first event calculated using the Mann--Whitney\'s *U*-test, when the median time could not be determined by Kaplan--Meier methodology. Patients were censored either at the date of first CNS toxicity, at the last visit for patients that died, were transferred out or were lost to follow-up and at December 31, 2011 for the remainder. Patients on NNRTIs who were switched to second-line ART regimens due to either clinical or immunological failure were censored at the date of switching and defined as having experienced no specific first-line drug-related toxicity event. A risk factor analysis was performed using multivariate Cox proportional hazards regression model. Collinearity between variables was assessed. A backward selection method was used, retaining those variables with *p*-values \< 0.10 in the final model. The level of significance was set at *p* \< 0.05. All analyses were performed using SPSS version 17.

3. Results {#s0015}
==========

*Baseline characteristics and incidence of neuropsychiatric adverse drug reactions*: A total of 3999 patients initiating ART were followed for a median (range) of 30 (0.25--90) months and provided 11,236.8 person years on ART. Prior to initiation of ART, patients who subsequently developed neuropsychiatric toxicity compared with those who did not were significantly older and likely to have started efavirenz compared with nevirapine ([Table 1](#t0005){ref-type="table"}).Table 1Baseline characteristics of patients with and without NNRTI-related neuropsychiatric eventsCharacteristicNNRTI-related neuropsychiatric events (*n* = 218)No NNRTI-related neuropsychiatric events (*n* = 3781)Total (*n* = 3999)*p*-valueAge (years), median (IQR)40 (35--46)38 (32--45)38 (32--45)0.009Gender (female), *n* (%)145 (66.5)2577 (68.1)2722 (68.1)0.67WHO clinical stage, *n* (%) 113 (6.0)258 (6.8)271 (6.8)0.58 228 (12.8)455 (12.0)483 (12.1) 3123 (56.4)2019 (53.4)2142 (53.6) 427 (12.4)618 (16.4)645 (16.1)No data27 (12.4)431 (11.4)458 (11.4)Baseline BMI (kg/m^2^), median (IQR)19.0 (17.5--22.0)20.0 (18.0--22.0)20.0 (18.0--22.0)0.34Baseline CD4 count (cells/mm^3^), median (IQR)133 (51--215)133 (50--219)133 (50--219)0.98Baseline serum creatinine, median (IQR)88.4 (70.7--106.1)86.6 (69.0--107.0)86.6(69.0--107.0)0.61Baseline serum ALT, median (IQR)31 (23--41)29 (20--43)29 (20--43)0.06HBsAg serology, *n* (%) Positive24 (11.0)272 (7.2)296 (7.4)0.09 Negative101 (46.3)1750 (46.3)1851 (46.3) Not done93 (42.7)1760 (46.5)1853 (46.3)NRTI backbone, *n* (%) ZDV + 3TC110 (50.5)1791 (47.4)1901 (47.5)0.56 D4T + 3TC108 (49.5)1983 (52.4)2091 (52.3) Others^§^0 (0.0)7 (0.2)7 (0.2)NNRTI, *n* (%) Nevirapine39 (17.9)1583 (41.9)1622 (40.6)\< 0.0001 Efavirenz179 (82.1)2198 (58.1)2377 (59.4)[^1]

Two hundred and eighteen (218) patients experienced a total of 235 events of neuropsychiatric toxicity during follow-up, giving 21.4 events per 1000 person-years (95% CI, 18.8--24.2/1000 person years). A total of 203 patients had one event, 13 patients experienced 2 events and 2 patients experienced 3 episodes of neuropsychiatric events during follow-up. Thus, the frequency of reported neuropsychiatric toxicity was 5.5% (*n* = 3999) with 7.6% (*n* = 2376) of efavirenz recipients and 2.4% (*n* = 1623) of nevirapine recipients experiencing an event. The median (range) time to first report of neuropsychiatric toxicity was 2 months (2--84 months). Most neuropsychiatric toxicities were reported in the first year of therapy after which the incidence of events declined, as shown in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1A graph showing the incidence rates of neuropsychiatric symptoms attributed to toxicity over follow-up on ART among Ghanaian HIV-infected patients.

A total of 195 events were reported among patients on efavirenz-based ART compared to 40 events among those on nevirapine-based ART, odds ratio of 3.54 (2.50--5.00), *p* \< 0.0001. A total of 252 neuropsychiatric symptoms were reported, the most common being insomnia (126), headaches (19), dizziness (17), abnormal dreams (14) and drowsiness (13), as shown in [Table 2](#t0010){ref-type="table"}. Insomnia, headaches, abnormal dreams and drowsiness were significantly more common among patients on efavirenz-based ART compared with nevirapine-based ART. Other notable but rarely reported NNRTI-related neuropsychiatric toxicities included cerebellar ataxia (*n* = 2), dysarthria (*n* = 5) and seizures (*n* = 3). Cranial computed tomography scans were performed in the 3 reported cases of seizures and 2 cases of cerebellar ataxia but all were found to be normal.Table 2Frequency of neuropsychiatric symptoms of NNRTI-based ART among Ghanaian HIV patientsNeuropsychiatric toxicityNeuropsychiatric symptoms on efavirenz, *n* = 208 (%)Neuropsychiatric symptoms on nevirapine, *n* = 44 (%)*p*-valueTotal number of neuropsychiatric symptoms, *n* = 252 (%)Insomnia103 (49.5)23 (52.3)\< 0.0001126 (50.0)Headaches16 (7.7)3 (6.8)0.0519 (7.5)Dizziness12 (5.8)5 (11.4)0.4917 (6.7)Abnormal dreams13 (6.3)1 (2.3)0.0214 (5.6)Drowsiness13 (6.3)0 (0.0)0.00713 (5.2)Aggressive behaviour8 (3.8)2 (4.5)0.3110 (4.0)Incoherent speech6 (2.9)1 (2.3)0.307 (2.8)Myalgia3 (1.4)4 (9.1)0.617 (2.8)Dysarthria4 (1.9)1 (2.3)0.635 (2.0)Dystonia5 (2.4)0 (0.0)0.165 (2.0)Mood changes5 (2.4)0 (0.0)0.165 (2.0)Tremors2 (1.0)3 (6.8)0.675 (2.0)Confusion3 (1.4)0 (0.0)0.403 (1.2)Seizures3 (1.4)0 (0.0)0.403 (1.2)Ataxia2 (1.0)0 (0.0)0.652 (0.8)Psychosis2 (1.0)0 (0.0)0.652 (0.8)Somnolence1 (0.5)1 (2.3)0.652 (0.8)Vertigo2 (1.0)0 (0.0)0.652 (0.8)Anxiety1 (0.5)0 (0.0)0.851 (0.4)Erectile dysfunction1 (0.5)0 (0.0)0.851 (0.4)Hyperactivity1 (0.5)0 (0.0)0.851 (0.4)Impaired concentration1 (0.5)0 (0.0)0.851 (0.4)Suicidal ideation and attempt1 (0.5)0 (0.0)0.851 (0.4)Total20844\< 0.0001252

3.1. Risk factors for neuropsychiatric toxicity {#s0020}
-----------------------------------------------

Predictor variables included in univariate analysis of baseline risk factors for neuropsychiatric toxicity included gender, age, body mass index (BMI), CD4 count, WHO clinical stage, HBV sero-status and NNRTI on which the patient developed toxicity. As shown in [Table 3](#t0015){ref-type="table"}, the factors associated with neuropsychiatric toxicity included age ≥ 35 years at initiation of therapy with a hazard ratio (HR) (95% CI) of 1.55 (1.16--2.00), *p* = 0.003, BMI \< 16 kg/m^2^ with HR of 1.45 (1.03--2.04), *p* = 0.04 and use of efavirenz with HR of 3.43 (2.16--3.72), *p* \< 0.0001. Furthermore, on multivariate analysis, BMI \< 16 kg/m^2^ and use of efavirenz were significantly associated with the risk of developing neuropsychiatric toxicity on ART with HR of 1.44 (1.02--2.03), *p* = 0.04 and 3.29 (2.32--4.69), *p* \< 0.0001, respectively. A total of 33 of 195 events (17%) among patients on efavirenz-based ART led to substitution of efavirenz by nevirapine while 6 of 40 (15%) events among patients on nevirapine-based ART led to substitution of nevirapine by efavirenz (*n* = 5) and nelfinavir (*n* = 1). The substitutions of nevirapine by efavirenz simultaneously with report of neuropsychiatric events were performed in 5 patients due to their being initiated on anti-tuberculous therapy at the time when those toxicities occurred. This was to avoid drug interactions between nevirapine and rifampicin, which is used as a component of the quadruple anti-tuberculous drug regimen. However, most neuropsychiatric symptoms resolved under continual therapy without having to alter NNRTI dosage on account of neuropsychiatric toxicity.Table 3Risk factors associated with developing neuropsychiatric events among Ghanaian HIV patientsPredictorUnadjusted HR (95% CI)*p*-valueAdjusted HR (95% CI)*p*-value**Gender** Male0.87 (0.65--1.15)0.32---- Female1.00**Age** ≥ 35 years1.55 (1.16--2.00)0.0031.22 (0.90--1.64)0.19 \< 35 years1.001.00**BMI** \< 16 kg/m^2^1.45 (1.03--2.04)0.041.44 (1.02--2.03)0.04 ≥ 16 kg/m^2^1.001.00**WHO clinical stage** Stage 3 or 40.91 (0.65--1.28)0.60---- Stage 1 or 21.00**Baseline CD4 counts** \< 2000.97 (0.72--1.30)0.83---- ≥ 2001.00**HBV status** Positive1.53 (0.98--2.39)0.06\*---- Negative1.00**NNRTI** Efavirenz3.43 (2.16--3.72)\< 0.00013.29 (2.32--4.69)\< 0.0001 Nevirapine1.001.00[^2]

4. Discussion {#s0025}
=============

This is the first longitudinal study to evaluate in a retrospective cohort the frequencies of neuropsychiatric toxicity among Ghanaians. Neuropsychiatric toxicity due to NNRTI use has predominantly been reported among efavirenz recipients with a frequency ranging from 25% to 70% in various studies [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060]. In this cohort, the reported frequency of neuropsychiatric toxicity on efavirenz was 7.6% while that on nevirapine was 2.4%, low overall frequencies compared with other reports. However, a similar retrospective study conducted among 2920 patients who initiated Efavirenz-based ART in Jos, Nigeria in an ART treatment program between 2004 and 2011 reported a rate of neuropsychiatric events rate of 29.9 per 1000 person-years of treatment [@bb0065] comparable to 21.4 per 1000 person-years in the present study. Since most neuropsychiatric toxicities are mild to moderate and resolve after the first few weeks of therapy [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060], [@bb0065], [@bb0070], mild and transient events may not have been reported although physicians evaluating patients assessed side effects at each visit. Also of interest was the relatively low prevalence of dizziness and mood disorders in this cohort, compared to Western cohorts [@bb0040], [@bb0055], [@bb0060], [@bb0065], [@bb0070], [@bb0075]. The median time to first episode of neuropsychiatric toxicity was within the first 2 months after initiating therapy with most events occurring within the first year. After the first year of therapy, some patients experienced neuropsychiatric events as have been documented by other authors in predominantly Caucasian cohorts [@bb0070], [@bb0075], [@bb0080]. The reported toxicities after more than 1 year of therapy may represent exacerbations of chronic undocumented toxicity or new events occurring after continual use of efavirenz.

Most studies reporting efavirenz-associated neuropsychiatric toxicity have been based on short-term follow-up of a few weeks but a cross-sectional study by Fumaz *et al.* among 60 patients who had been on efavirenz for a mean time of 91.1 ± 39.5 weeks found that mild and clinically tolerable neuropsychiatric disorders persisted [@bb0085]. Our data shows that even up to 90 months, some patients reported experiencing efavirenz-related neurotoxicity which did not prompt therapy changes, indicating that they may have been tolerable for the patients or that the limited repertoire of antiretrovirals available precluded modifications of an intolerable regimen. Among our cohort, insomnia, headache, dizziness, abnormal dreams and drowsiness were reported at overall frequencies of 50.0%, 7.5%, 6.7%, 5.6% and 5.2%, respectively, with higher incidences among efavirenz recipients. Rarely reported events such as seizures, cerebellar symptoms and suicidal ideations were attributed to efavirenz by treating clinicians and these symptoms invariably resolved after discontinuation of efavirenz, suggesting likely causation.

The mechanisms for neuropsychiatric toxicity caused by efavirenz have recently been elucidated. There are suggestions that exposure to supra-therapeutic levels due to slower metabolism of efavirenz from the highly prevalent CYP2B6 516 G \> T polymorphisms among African Americans for instance could explain why neuropsychiatric disturbances are more common among them than in European American or Hispanic patients [@bb0090]. 8-Hydroxy-efavirenz, the main metabolite of efavirenz, has been shown to be toxic to neuron cultures at concentrations found in the cerebrospinal fluid [@bb0095]. Proposed mechanisms for this neurotoxicity include alterations in calcium homeostasis, increases in brain pro-inflammatory cytokines, involvement of the cannabinoid system as well as mitochondrial damage [@bb0095]. Indeed, efavirenz has been shown to induce perturbations in neuronal bioenergetics via mechanisms involving acute mitochondrial inhibition, an action exacerbated by efavirenz promoted expression of inducible nitric oxide synthase (iNOS) [@bb0100], [@bb0105], [@bb0110]. Others have postulated that the neuropathic effects of HIV itself, the effect of efavirenz on cytokine homeostasis, previous predisposition towards neuropsychiatric disturbances and sleep disturbances may all contribute to neuropsychiatric toxicity [@bb0070], [@bb0075].

In this cohort, the only risk factors independently associated with toxicity were the use of efavirenz, a 229% higher risk compared with nevirapine, and a low body mass index below 16 kg/m^2^ with a 44% higher risk in adjusted analysis. This suggests that patients with low body weight may be exposed to higher concentrations of a fixed dosage of 600 mg daily and thus predispose them to neuropsychiatric toxicity. Whether the use of a lower dose (400 mg) of efavirenz, as recently shown to be effective in reducing toxicity in the Encore1 study [@bb0115], can be extrapolated to this population is debatable and further studies may be required.

Seventeen percent (17%) of patients with neuropsychiatric toxicity discontinued efavirenz due to neuropsychiatric toxicity which is higher than 4% to 10% previously reported [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060], [@bb0065], [@bb0070], [@bb0075]. This higher proportion may be due to under-reporting of milder symptoms, given the retrospective design of this study. However, the possibility also exists of higher therapeutic exposure to efavirenz in a sub-population because of the ethnicity-defined high prevalence of mutant polymorphisms in hepatic enzymes responsible for the metabolism of efavirenz, such as the CYP2B6 516 G \> T polymorphisms, as has been recently shown in this population [@bb0035]. However, observations from another study in Ghana [@bb0010] and a recent meta-analysis of adverse events in patients receiving efavirenz or nevirapine as first-line therapy [@bb0120], support the WHO recommendation that efavirenz should be the preferred first-line NNRTI in Africa. Undoubtedly, the high frequency of efavirenz-associated neuropsychiatric events engendering poor adherence to a therapy with an inherently low genetic barrier to resistance could undermine the success of efavirenz-based cART as a durable first-line for resource limited settings. Indeed, these concerns coupled with recent advances with integrase inhibitor-based therapy [@bb0125], [@bb0130], [@bb0135], have led to a repositioning of the NNRTI class from a preferred to an alternative first-line regiment in the latest US DHHS guidelines [@bb0140]. For sub-Saharan Africa, studies are urgently needed to evaluate the efficacy of safer and more tolerable classes of anti-retroviral agents.

5. Conclusions {#s0030}
==============

In conclusion, documented neuropsychiatric toxicity on efavirenz leading to discontinuation of therapy was frequent among this cohort. Further research to evaluate the efficacy of novel and tolerable regimens as first-line ART and to determine whether a lower dose of efavirenz reduces neuropsychiatric side effects is warranted in sub-Saharan Africa.

Competing Interests {#s0035}
===================

All authors declare they have no competing interests.

Authors\' Contributions {#s0040}
=======================

FS conceived and designed the study, completed the analyses and wrote the manuscript. MAS assisted with study analysis. DC conceived and designed the study, and wrote the manuscript. All authors read and approved the final manuscript.

The authors are grateful to all the physicians, nurses and paramedical staff involved in the care of HIV patients at the Komfo Anokye Teaching Hospital for their support. This study received financial support from an HIV Research Trust Scholarship (HIVRT12-081) to FSS and the South Tees Infectious Diseases Research Fund (E186).

[^1]: NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ZDV, zidovudine; 3TC, lamivudine; D4T, stavudine; HBsAg, hepatitis B surface antigen; BMI, body mass index. § other NRTI backbones were TDF + 3TC (*n* = 7), ddI + D4T (*n* = 1), ABC + 3TC (*n* = 1).

[^2]: \* Not included, number of patients whose HBV sero-status was small.
